Flavonoids obtained from Enhydra fluctuans (FEF) were screened for anticancer activity against Ehrlich's ascites carcinoma (EAC) bearing Swiss albino mice. The anticancer activity was assessed by measuring the tumor growth response, percentage increase of life span, hematological parameters, lipid peroxidation, and antioxidant enzyme activity, like GSH and CAT. Two flavonoids, baicalein 7-O-glucoside and baicalein 7-O-diglucoside, were isolated from the ethyl acetate fraction. Treatment with FEF caused a significant decrease in the tumor cell volume and increase of life span. All the hematological parameters, malonaldehyde content and antioxidant enzyme activity were restored towards the normal level. FEF was found to be cytotoxic in the in-vitro model.
Cancer, considered as one of the most common causes of morbidity and mortality worldwide, is caused by the sequential acquisition of mutations in genes implicated in cell proliferation and cell death. Some plant polyphenolics are proven potent anticancer agents [1a,1b] .
Enhydra fluctuans Lour. (Compositae) is an edible, semi-aquatic, herbaceous vegetable plant. The leaves, which are slightly bitter, are used to treat inflammation, skin diseases, nervous diseases and in torpidity of the liver [1c] . Recently, the free radical scavenging potential of the crude extract and different fractions was reported [1d] . The methanolic extract of the plant has been reported to possess analgesic [1e], antidiarrheal [1f] and antimicrobial activity [1g] . Sesquiterpene lactones [2a,2b] , gibberellins [2c] and cholesterol derivatives [2d] have been reported from this plant.
The present investigation evaluated the anticancer activity of the ethyl acetate, flavonoid-rich, fraction of E. fluctuans (FEF) and isolation of two flavonoids {baicalein 7-O-glucoside and baicalein 7-O-glucosyl-(1→6)-O-glucoside [2e,2f]} from it. The effect of the total flavonoids on the survival time of the EAC bearing mice is shown in Table 1 . The median survival time (MST) of the EAC control group was 19.4 ± 0.9 days, whereas the MST was increased to 28.3 ± 1.3 days and 33.3 ± 0.95 days for the groups treated with total flavonoids at 200 and 400 mg/kg respectively. Treatment with FEF significantly reduced the tumor volume and viable cell count compared with EAC control mice, while the nonviable cell count was significantly higher in the treated groups (Table 2) . Changes in the hematological parameters in the total flavonoids-treated group are shown in Table 3 . There were significant (p<0.001) decreases in hemoglobin and RBC count and an increase in WBC count in comparison with the normal group. Treatment with total flavonoids at a dose of 400 mg/kg not only significantly (p<0.001) increased the hemoglobin and RBC count, but also lowered the WBC count, almost to the normal level. At a dose of 200 mg/kg, only the WBC count was significantly (p<0.01) reduced, but the other parameters were not significantly changed. The effects of FEF on lipid peroxidation, reduced glutathione (GSH) content and catalase activity (CAT) are shown in Figure 1 significantly (p<0.001) higher in the EAC control group (3.04 nM/mg protein) compared with the normal group (0.95 nM/mg protein). The MDA content was reduced on treatment with total flavonoids at 200 mg/kg (2.42 nM/mg protein) and 400 mg/kg (1.84 nM/mg protein). A significant (p<0.001) difference in GSH content was found between the normal group (4.06 mg/gm tissue) and EAC control group (1.44 mg/gm tissue). Treatment with the test compounds increased the GSH content significantly. Catalase activity in the EAC control group was also significantly (p<0.001) reduced compared with the normal group, which was restored by treatment with total flavonoids of E. fluctuans.
FEF showed a concentration-dependant cytotoxicity effect on the EAC cell line. The IC 50 value of FEF was 320.3 µg/mL in the cytotoxicity study. Ehrlich's ascites carcinoma (EAC) cell is a frequently used in vivo model for screening anticancer activity [3a] . Treatment with FEF at doses of 200 and 400 mg/kg increased the life span and decreased the tumor volume and viable cell count, whereas there were significant increases in the non-viable cell count. Ascites fluid of EAC cell bearing mice is the direct nutritional source for tumor cells and a rapid increase in ascitic fluid with tumor growth would be a means to meet the nutritional requirement of tumor cells. FEF treatment decreased the tumor volume, resulting in a decrease in nutritional fluid volume, arresting tumor growth, and increased the lifespan of EAC bearing mice.
Hematological parameters are considered as markers for screening in EAC-induced anticancer studies [3b]. A significant increase in the WBC, along with a decrease in hemoglobin and RBC was found in EAC-treated mice. Anemia is associated with cancer patients. The anemia encountered in tumor bearing mice is mainly due to reduction in either RBC or hemoglobin percentage, and this may occur either due to iron deficiency or to hemolytic or myelopathic conditions [4] . Treatment with FEF decreased the WBC, but increased the hemoglobin and RBC towards normal values. This result indicates that FEF possesses a protective action on the hemopoietic system. Malondialdehyde (MDA), the end product of lipid peroxidation, was reported to be higher in cancer tissues than in non-diseased organs [5a] . It has been shown that MDA is mutagenic to human cells [5b] and plays a significant role in DNA damage, sister-chromatid exchanges and carcinogenesis [5c]. In the EAC control group, a higher concentration of MDA was found compared with the normal group due to excess lipid peroxidation in vivo [5d]. FEF treatment significantly reduced the elevated MDA content indicating less damage of macromolecules. Glutathione and catalase are important components of the antioxidant enzymatic defense mechanism. Significant decreases of GSH and CAT were observed in the EAC control group, but on treatment with FEF, these parameters were increased towards normal values. Modulation of lipid peroxidation and increase in antioxidant enzyme content is considered as an important mechanism for oncostatic activity against oxidative stress induced by EAC cells [6] . Results of the in vitro cytotoxicity study indicate the toxic effect on EAC cells.
FEF was found to be non-toxic up to a dose of 2000 mg/kg and richest source of flavonoids [7a] . Different mechanisms have been proposed to explain the therapeutic effects of flavonoids [7b,7c] . Reactive oxygen species are proposed to be involved in carcinogenesis [7d] . The cellular damage caused by reactive oxygen species can induce mitosis, increasing the risk of DNA damage leading to mutations. Flavonoids, as antioxidants, were proved to prevent carcinogenesis either by interfering with lipid peroxidation or by modulation of the defense enzyme system [6,7e] . Based on experimental data, it can be concluded that FEF had significant anticancer effects against EAC cells due to the presence of baicalein 7-O glucoside and baicalein 7-O diglucoside.
Experimental
Plant material: Fresh aerial parts of Enhydra fluctuans were collected locally in the rural belt of Bankura, West Bengal, India in December, 2006 and identified by the botanist of the Botanical Survey of India, Howrah, West Bengal, India. The voucher specimen has been deposited in our laboratory for further reference.
Extraction and fractionation:
Air-dried and powdered aerial parts (1.8 kg) were extracted successively with light petroleum (60-80°C) and methanol using a Soxhlet apparatus. The solvents were then removed under reduced pressure to give the crude methanol extract (105 g), which was subsequently partitioned with chloroform, ethyl acetate, and n-butanol. The ethyl acetate fraction was evaporated under reduced pressure and concentrated in vacuo to obtain total flavonoids (12.9 g). A weighed amount of FEF was suspended in Tween 80 prior to administration.
The ethyl acetate fraction (7.5 g) was subjected to CC on silica gel (300 g) and eluted with a gradient solvent system (light petroleum-ethyl acetate). Fractions were collected and monitored by TLC. Based on the R f value, fractions were mixed and 16 fractions were obtained. Fractions 12 and 13 gave good resolution with light petroleum and ethyl acetate (7.5:2.5). Both fractions were subjected to preparative TLC to afford compound 1 and 2, which were characterized by spectroscopic analysis and comparison of spectra with published literature as baicalein 7-O-glucoside [2e] and baicalein 7-O-diglucoside [2e] respectively.
Anticancer activity
Experiment protocol: Swiss albino mice weighing 20-25 g were used for the study. Animals were divided into 5 groups, with 12 animals in each group. Group I was treated as the normal group, which received normal saline (5 mL/kg, i.p.) . EAC cells (2×10 6 ) were injected intraperitonially (i.p.) to each mouse of groups II-V. After 24 h of tumor inoculation, FEF at doses of 200 (FEF200) and 400 mg/kg, b.w. (FEF400) were administered i.p. daily for 9 consecutive days to groups III-IV, respectively. Group V received 5-flurouracil at a dose of 20 mg/kg (5-FU) as a standard drug for 9 days [8] . The studies were approved by Jadavpur University Animal Ethical Committee, Kolkata, India. After administration of the last dose, followed by fasting for 24 h, 6 mice from each group were sacrificed for assessment of anticancer activity by measuring different hematological and biochemical parameters. Liver tissue was collected for evaluation of in vivo antioxidant status. The remaining animals in each group were kept for lifespan study.
Effect of total flavonoids on survival time:
Median survival time (MST) of each group was calculated from the formula [9] MST = (First death + last death of animal)/2 The mortality rate was noted in all the groups and the percentage increase in life span (ILS) was calculated using the following formula % ILS= (T/C -1) x100 where T and C are MST of treated and control group, respectively.
Effect of total flavonoids on tumor growth response and on hematological parameters:
The effect of FEF on tumor growth was examined by studying tumor volume, tumor cell count and the percentage of the viable and nonviable cell count [10] . Red blood cell count (RBC), white blood cell count (WBC) and hemoglobin content were measured using the conventional procedure from blood obtained intracardially [11a] .
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In vivo antioxidant status: Lipid peroxidation [11b], reduced glutathione (GSH) content [11c] and catalase [11d] activity in the liver homogenate were determined using the described procedures.
Assay for in vitro cytotoxicity:
The in vitro short term cytotoxicity of FEF was assayed using EAC cell lines. Briefly, 1x10 6 viable cells of the cell line suspended in 0.1 mL of phosphate buffered saline (0.2 M, pH 7.4) containing various concentrations of the test compound (50-500 µg/mL) and phosphate buffer in a final volume of 1 mL were incubated at 37°C for 3 h [11e]. The percentage of cytotoxicity was determined by calculating the IC 50 value.
Statistical analysis:
The statistical significance was assessed by means of variance followed by Tukey's multiple comparison tests. Values are expressed as mean ± s.d. and p values less than 0.05 were considered as significant.
